Anderson and his co-workers used this technique on locust, lemon, birch 13 , cottonwood 1 4 , and white pine 15 • Rogers, Mitchell, and Ritter 16 and Clermont 17 used modified variants on maple sawdust and on spruce holocellulose, respectively. Rogers, et al. 16 used an interesting proceduresteeping the material first in 20 per cent sodium hydroxide and then diluting to 3 per cent before filtering. In none of the above cases is there much difference in the nature of the extracts, only a slight increase in mannose in the second extraction for softwoods and a correspondingly slight decrease in xylose and uronic anhydrides. Opinions are divided as to the effect of delignification. Some believe that a chemical bond is actually broken, others that Iignin simply inhibits swelling to the extent that complete removal ofthe hemicelluloses is hindered, but there is no conclusive evidence. In any case, delignification is helpful in any extraction, indeed it is quite essential for softwoods, as Nelson and Schuerch have shown 18 • Swelling is also a factor in achieving fractionation by extraction sequences with increasing alkali concentration where the swelling increases correspondingly. It should be remembered, however, that Schuerch 18 has shown, in extracting hemicelluloses from hardwoods, that there is an optimum swelling concentration above which the swelling of the cellulose inhibits the removal of the pentosans.
Successive extractions with alkali of increasing concentration were introduced very early. In 1931, Anderson 11 extracted corn cobs with 4 per cent sodium hydroxide, followed by a second extraction with 17 per cent sodium hydroxide. Many groups of chemists have used some type of concentration sequence (Nables 1 and 2). Some fi·actionation occurs in these extractions as seen in Table 3 , but it is not very great; the glucuronoxylan group of hemicelluloses is, in general, more easily extracted than the glucomannan group and fractionation is, therefore, more apparent in the softwoods where there is more of the latter. Really efficient separation only came when specific action was attained by the use of different compounds for extraction. The first experiments describing the use of different materials did not exhibit any very specific action, nor, indeed, were they used for this purpose. For instance, Voss, Bauer, and Pfirschke 34 extracted beechwood with 0·2 per cent sodium hydroxide, followed by extraction with a solution containing 5 per cent sodium hydroxide and 3 per cent sodium chloride. Actually, this is an extension of studies begun much earlier by Schmidt. The first paper by Schmidt on cellulose and its incrustants was published in 192J3 5 , before the work already discussed, but he never seems to have isolated his very soluble xylan and less soluble xylan from a single source. In all his work on beechwood, which was summarized in 1937 36 , he drew his conclusions from weight Iosses and properties of the residues. Both Schmidt 37 , and later Voss 3 "', added salt to the alkali to hinder solubility of ß-cellulose, not to increase the solubility of the non-celluloses.
Other early experiments in different extractants were aimed merely at altering the pH ofthe alkali used. Such a sequence was Bennett's extraction of cornstalk holocellulose 38 , which used 2 per cent sodium carbonate, 4 per cent sodium hydroxide and 10 per cent sodium hydroxide. This resembles Mitchell, Rogers, and Ritter's earlier sequence used on maple 9 • 10 , except that Bennett did not mention the use of hot alkali. Separations achieved in this way are not very startling and, as the yields in Thomas' study of aspen show39, most ofthe extraction is clone by the stronger alkalis ( Table 4) .
It might be argued that the use ofliquid ammonia isanother example of this type, but this is only superficially so. Ammonia is a weak base, but liquid arnmonia is a very strong swelling agent and facilitates subsequent extraction. It was first used by Yan and Purves 2 • 40 as an extractant for Iignin and, later, carbohydrates and it was shortly after used by Bishop and Adams 41 in a fractionation of wheat straw holocellulose. This does not strictly belang in a discussion of wood chemistry, but it is the first use of liquid ammonia in a fractiona tion sequence and also the first use of pa per partition chromatography for evaluating hemicelluloses fractionally extracted. Both techniques were applied to wood the sam; year by Björkqvist 80 and Jörgensen 42 • The fractionating capacity is probably best shown by the recent paper of Milford, Watts, and Purves 43 in which spruce holo~ cellulose was extracted first with liquid ammonia at 20°, then with water at 75°, and finally with 10 per cent sodium hydroxide at 5°. The ammonia deacetylates the acetylated derivatives and removes Iignin and a little carbo~ hydrate. The warm water removes what is mainly a glucuronoarabino~ xylan. There is glucose and galactose in the mixture, but no mannose. The sodium hydroxide removes a mixture ofwhich over halfis glucomannan. The extracted pulp still contains 9 per cent of mannose residues. This was reduced to 3 per cent by extraction with 18 per cent sodium hydroxide, but the extract was not worked up.
The thesis of Schoettler 44 (The Institute of Paper Chemistry, 1952) has not been published as such. It dealt with the resistant xylan of kraft pulp and included some data of interest here. When aspen kraft pulp was treated with 17 ·5 per cent sodium hydroxide, a complex mixture of hemicelluloses is extracted, of course, but Schoettler found that with 24 per cent potassium hydroxide, he could get a yield of 5 ·7 per cent of a pure xylan from the residual a-cellulose (90·5 per cent xylose residues, 8·9 per cent ash). Glucuronic acid residues were probably removed during the kraft cook. This preferential action of the two alkalis in the case of aspen is remarkable, since it has since been shown, in the case of softwoods, that sodium hydroxide is the better extractant. In 1957, Barnilton and Quimby 6 studied the action of the two alkalis at various concentrations on Western hemlock. In the same year, Aspinall, Laidlaw, and Rashbrook 45 used an extraction sequence on partially delignified Sitka spruces of 4 per cent sodium hydroxide-24 per cent potassium hydroxide-delignification-10 per cent sodium hydroxide. The last fraction was largely glucomannan. Later work by Rarnilton and N. S. Thompson 46 • 4 7, Dutton and Hunt 48 , and Murray, Morak, and Ward 49 -51 has adequately demonstrated the value of extracting softwood hemicelluloses with potassium hydroxide and then sodium hydroxide. It has also emphasized again the importance of swelling. In order to remove everything soluble in a given extractant, the structure must be as available as possible to the extractant, which can only be achieved at high states of swelling. Even then, sorption phenomena will 81 prevent absolutely complete removaL The difference between the behaviour of aspen and of other woods is still unexplained.
Jones 65 described an interesting variant last year; he extracted pine holocellulose with dimethyl sulphoxide acidified with acetic acid, then dimethyl sulphoxide acidified with boric acid, then water, and finally a more acid dimethyl sulphoxide mixture with boric acid. The pH values of his dimethyl sulphoxide extractants were 6·8, 5·2, and 4·3 respectively. Decreasing amounts of pentose and increasing amounts of glucomannan were evident in his fractions. To sum up the present status of fractional extraction of softwood hemicelluloses, the problern is to effect as good a separation as feasible of the xylan-containing components and of the glucomannans and related compounds during extraction. We can come nearer this with some of the recent techniques described, but we are not near enough. We can remove almost all the xylan-containing components, but some of the galactoglucomannan group are so readily available that they are also removed in the extract. By removing the xylan, however, it is possible in a later extraction to get a nearly pure glucomannan. It will not represent the entire mannose content of the tree, however. 63 used a series of sodium hydroxide extracts of varying strength, followed by a sodium borate hemicellulose which isthat given. In the case ofthe two examples from Morak and \Vard 50 , the xylans were first removed with potassium hydroxide. The final extractant was then sodium hydroxide in the first case and potassium borate in the second.
Let us discuss briefty some of the properties of these unpurified extracted hemicelluloses. The reasons for my interest in the unpurified fractions have been indicated; let me review a few of the results.
The sequence studied most thoroughly is essentially in three stagespotassium hydroxide, potassium borate, and sodium hydroxide--although several successive extractions were actually made with each to get exhaustive extraction with each reagent. The analyses in Table 6 are for the alcoholinsoluble precipitate from the first extract with each reagent. 21·02  5·26  4·90   14·0  9·9  3·6  19·8  2·0  54·5   21·7  7·9  46·5  75·4  1·2  41·3  2·2 The first fraction is the usual mixture obtained with potassium hydroxide. The secend is a practically pure galactoglucomannan. W e are not sure yet ofthe sodium hydroxide fraction. It is a mixture and probably contains the same glucomannan as the preceding along with some degraded glucans from cellulose, but this has not yet been proved.
To get optical rotations ( Table 7) we dissolved each fraction in the extractant used (incidentally, this is not always easy), but we cannot draw any important conclusion other than that there are differences between the hemicelluloses from holocelluloses, sulphite pulp and kraft pulp, which we already knew from the chromatograms. A study of the rotations of the berate complexes would be needed to evaluate this series thoroughly.
Source

Chlorite ha1acellulose
Chlorited sulphite pu1p A Chlarited sulphite pu1p B Chlorited kraft pulp 
NaOH hemi. There is no doubt that the fractions are crystalline, in the sense that polymers are crystalline. There is no doubt that they aredifferent from each other, but the difference between the borate and the sodium hydroxide hemicelluloses is not great. The peaks at about 12·5 and about 20·5 are similar in both. They arealso similar to Cellulose II. The patterns of the potassium hydroxide hemicelluloses correspond roughly to those of purified glucuronoxylans, but the main peak is at an intermediate value between the strong reftection for xylan and xylan hydrate of Marchessault Figure I . X-ray diffraction of hemicellulose of sulphite pulp (S 3 ) The crystallinity was also investigated by means ofthe electron microscope. The general similarity of the crystals from the potassium hydroxide hemicellulose to the xylan crystals ofYundt 68 • 69 and of Marchessault 70 is striking (Figure 2 ). This is, we believe, ample evidence that such crystals are not artefacts produced during the purification procedures.
Finally, we should like to discuss the molecular size of these fractions. We examined the potassium hydroxide extract of the holocellulose in detail. Light-scattering measurements gave a molecular weight of 45,000 and ultracentrifuge measurements 42,000. The intrinsic viscosity in cupric ethylenediamine was 0·52. When we used the calculated monomer weight of 145·8, this gave us a ratio of Pw (light scattering)/['J]cED of 592. This is in reasonable agreement with similarly calculated ratios for 4-0-methylglucuronoxylans from the data of Goring and Timell 71 : 561 and 562. This is, cf course, mostly fortuitous, for both they and we have shown that this ratio varies with the source of the hemicellulose. In spite of all the uncertainties involved, we have used the value of 592 in calculating the D.P.'s in Table 8 . We recognize that there is error in going from one hemicellulose to another and that the relation of D.P. to intrinsic viscosity may not be so nearly linear for hemicelluloses as for cellulose, but we wanted some approximation and we prefer to use a weightaverage value rather than a number-average and a value derived on hemicelluloses rather than one derived from celluloses. In spite of the fact that these hemicelluloses were obtained from chlorited materials, the molecular weights are higher than most of those in the literature, except those of Goring and Timell 71 who were careful to avoid degradation. Some preliminary work at The Institute of Paper Chemistry indicates that our calculations for the borate fractions may be much too low. Summing up briefly, it is now possible, for softwoods at least, to make a preliminary fractionation of hemicelluloses during the extraction process and to obtain the galactoglucomannan series in practically pure form. In the sequence used by us, this is the second of three fractions. I t should be stressed that while we can reduce the number of steps in the sequences discussed, we are not obtaining our hemicelluloses unchanged so long as we use alkaline extractions. Acetyl groups and, perhaps, galactose units have been removed. It may be possible to devise a sequence which will separate the xylose group from the mannose group in the first extraction. Dirnethyl sulphoxide Iooks promising but we have not been able to obtain the separations reported by Meier 54 • We are still investigating the material in our final fraction.
Let me close by giving credit to my co-workers at the Institute, Mr Swenson for the light scattering, Dr Kurath for the ultra-centrifuge, Dr Williams for the X-ray diagrams, Miss Smith and Mr Dearth for the electron micrographs, and Dr Wise, Dr N. S. Thompson, and Mr Dickey for valuable advice and occasionally comfort and condolence.
